The assessment of the environmental sustainability of agricultural infrastructures involves the use of multiple evaluation criteria and the analysis of geographical information. A Geographic Information System (GIS) is a computer system capable of assembling, storing, analyzing, and displaying geographically referenced information.
Introduction
Spatial decision problems in agriculture and other areas often require that a large number of alternatives are evaluated based on multiple criteria. Geographic Information Systems (GIS) are a powerful tool for analysing spatial data and establishing a process for decision support. Multicriteria Decision Aid (MCDA) methods can facilitate decision making in situations where several solutions are available, various criteria have to be taken into account and decision makers are in conflict (Dias et al., 2002) .
The combination of spatial analysis with MCDA has allowed the creation of Multicriteria Spatial Decision Support Systems (MC-SDSS), whose aim is to formulate and support spatial decision problems. This process involves the use of geographical data, the decision maker's (DM) preferences and the manipulation of the data and preferences according to specified decision rules (Sharifi and Retsios, 2004; Malczewski, 2006) .
The integration of MCDA tools in GIS has been used in several projects and studies from different areas over the last twenty years as evidenced by the survey by Malczewski (2006) . One of the most remarkable features of the GIS-MCDA approaches is the wide range of decision and management situations in which they have been applied, such as environment/ecology, transportation, urban/regional planning, waste management, hydrology, agriculture, forestry, geology, or site selection. Among some works, we highlight the works of Joerin et al. (2001) , Gilliams et al. (2005) , Aydin et al. (2010) , Marinoni (2004) , Eldrandaly et al. (2005) , Boroushaki and Malczewski (2008) , Vogel (2008) , applied in different areas. In these applications the flexibility in representing and analysing spatial information is particularly pertinent as it is assumed that about 80% of the data used by decision-maker (DM) in decision processes are geographically interrelated (Worrall, 1991) .
Current developments in computational speed, storage volumes, World Wide Web (WWW) global access and software integrated development environments (IDE) provide opportunities to develop SDSS exploring both the advantage of information dissemination for DMs and the integration of GIS-MCDA. One of the greatest benefits of using Web Services in spatial decision making is the potential to overcome limited resources in terms of time, data and communication. The web enabled GIS facilitates decision making and serves as a gateway for decision makers and general users to access the system conveniently and effectively.
The typical Web SDSS is a web-based GIS, where GIS information implemented in World Wide Web environment (Google Maps, and others) and Open Source GIS software is used, where MCDA methods are integrated. In this paper we develop a distinct Web SDSS: a web-based Multicriteria Decision Aid in GIS software. This Web MC-SDSS integrates an MCDA method which is solved by a Web-based Algorithms Server that contains various MCDA tools, according to a clearly defined communication protocol. This integration uses the ArcGIS commercial software as user front-end. The Web MC-SDSS interface created named ELECTRE TRI in ArcGIS is a full integration of the MCDA outranking ELECTRE TRI method and GIS through the construction of a macro written in Visual Basic for Applications (VBA) programmed in ArcGIS 9.3 of ESRI. This interface is capable of: 1) providing mechanisms for the input of spatial data; 2) allowing representation of the spatial relations and structures; 3) applying the analytical techniques of spatial and geographical analysis; 4) providing output in a variety of spatial forms, including maps; 5) performing sensitivity analysis.
The resulting Web MC-SDSS was developed to address a real-world case study of decision analysis to assess environmental sustainability of dairy farms in Portuguese region, although it can be applied to other studies in different areas. Namely, the system was used to classify 1705 dairy farms in the Entre-Douro-e-Minho (EDM) Region according to environmental sustainability criteria. Seven environmental criteria were defined by three experts from Environmental and Zoo-technic areas. The classification allows determining which farms are sustainable from an environmental perspective, which ones are not sustainable, and, as an intermediate category, which ones are barely sustainable. This paper is divided into five sections. Sections 2 e 3 offers a brief literature review regarding the Multicriteria Spatial Decision Support Systems, characterizing their types and directions of integration of MCDA and GIS as well as integrations available in GIS software and the development of Web MC-SDSS. In section 4, the case study with description of problem and the criteria involved as well as the characterization of the chosen method, ELECTRE TRI, is presented. In section 5, we introduce the MC-SDSS approach, enhancing the type of developed integration of GIS-MCDA, as well as the created architecture of MC-SDSS. Finally, in section 6 the conclusions that have been drawn from the study are presented encouraging the opportunities for expanding the work.
Multicriteria Spatial Decision Support Systems
Finlay (1994) defines a DSS broadly as "a computer-based system that aids the process of decision making." The basic idea of DSS is to provide a computer-based framework that integrates database management systems with analytical models and graphics to improve the decision-making process. SDSS are a class of computer systems in which the technologies of both GIS and DSS are applied to aid decision makers with problems that have a spatial dimension (Walsh, 1992) .
GIS and MCDA are currently the two most common decision support tools employed to solve spatial decision-making problems. Some authors consider GIS itself as a form of spatial decision support system (SDSS). However, GIS is widely recognised as a computer based system that combines spatial database management, geo-statistical analysis and mapping but not more than that (Laaribi et al., 1996; Van der Meulen, 1992; Malczewski, 1999) . GIS can provide the decision makers with spatial information but it does not provide any type of preference modelling for decision support. Conventional MCDA techniques are mostly non spatial in nature and are subject to the assumption that the area under consideration is spatially homogeneous.
This assumption makes such techniques unrealistic as, in many cases, performance criteria vary across the space.
In recent years, to avoid the limitations of each system (GIS and MCDA) in the area of spatial decision support, the idea of integrating GIS with different MCDA modelling has emerged in different areas of application such as: land suitability (Marinoni, 2004 , Santé-Riveira et al.,2008 , route location (Jankowski and Richard, 1994) , risk-based in natural hazards (Chen et al., 2001) , bank branch closures (Zhao et al., 2001) , land management (Joerin and Musy, 2000) , and location of undesirable facilities (Ferretti, 2011) . Abel et al. (1994) have identified three major advantages of integration: enhancing the evolution of GIS, improving the desired level of usability, and enriching approaches to problem solving. Therefore, both GIS and MCDA can be made more useful and complete through their integration and the effort to combine the strengths of these technologies would be mutually beneficial to both communities as well as those participating in decision-making processes (Parks, 1993) . The integration of decision making techniques designed to handle multicriteria problems within GIS can provide users with a valuable extension of the functionality of GIS (Carver, 1991; Goodchild, 1992 The way the two components are integrated depends on (Ascough et al, 2002) : 1) the MCDA models incorporated into the MC-SDSS system (e.g., multiobjective versus multiattribute decision analysis techniques; 2) the decision making philosophy behind the design strategy (e.g., a system for supporting a single-user versus collaborative decision making); and 3) specific types of decision problems concerned (e.g. environmental problems, planning problems, location, etc).
Operationally, the integrated GIS-MCDA approach starts with the problem identification, where the capabilities of the GIS are used to define the set of spatial alternatives and the set of criteria. Then, the overlay analysis procedures are used in order to reduce an initially large set of alternatives into a small number of alternatives which are easily evaluated by using a multicriteria model. Finally, the drawing and presenting capabilities of the GIS are used to present results (Chakhar and Martel, 2003) . There is a large literature on GIS-MCDA integration available (see Malczewski, 2006) . MC-SDSS can be classified according to the extent of integration and the direction of integration of GIS and MCDA. Integration indicates the degree to which functions of software can be controlled directly by one another. It refers to the physical and logical connection between the software packages in the system. There are four possible modes of physical integration of GIS and multicriteria analysis tools (Goodchild, 1992; Chakhar and Martel, 2003; Jankowski, 1995; Malczewski, 1999 , 2006 , Chakhar and Mousseau, 2007 : (i) no integration, (ii) loose integration, (iii) tight integration, and (iv) full integration. The first mode was dominant until the late 80's, when GIS and multicriteria analysis were used independently, without any connection between them. The other three modes represent increasing levels of complexity and efficiency of integration (see Figure 1) .
The loose integration approach (also called MCDA-GIS indirect integration in Chakhar and Martel, 1993) facilitates the integration of GIS and MCDA techniques using a file exchange mechanism, named intermediate system (Jankowski, 1995; Malczewski, 1999) . It involves running MCDA models outside a GIS, using the latter as a source of data and as a means of displaying the results. Separate tasks are performed in either system (GIS and multicriteria modeling system). The loose integration architecture is based on linking three modules (GIS module, multicriteria technique module and file exchange module), as seen in Figure 1 (a).
The tight integration approach (also called Built-in MCDA-GIS models in Chakhar and Martel, 1993) are based on a single data or model manager and a common user interface (Jankowski, 1995) . Thus, the two systems share not only the communication files but also a common user interface (Figure 1 (b) ). In this type of integration, a particular multicriteria analysis method is directly added to the GIS software. The multicriteria analysis method is an integrated but autonomous part with its own database.
The full integration (also called Complete MCDA-GIS integration in Chakhar and Martel, 1993 ) yields itself to a complete GIS-multicriteria analysis integrated system that has a unique interface and a unique database (Figure 1 (c) ). Here, the multicriteria analysis method is activated directly from the GIS interface as any GIS basic function.
The GIS database is extended so as to support both the geographical and descriptive data, on the one hand, and the parameters required for the multicriteria evaluation techniques (Chakhar and Mousseau, 2007) on the other. This approach requires a high level of knowledge of the GIS in question and considerable programming skills. "Macro language" in ArcGIS software facilities available in a proprietary GIS are used to couple with MCDA models. To provide a full range of decision support functionalities the GIS system needs to be customized. Figure 1 goes about here MC-SDSS can also be classified in terms of the direction of integration. Four categories of approaches can be identified (Malczewski, 2006 and 2010; Chakhar and Mousseau, 2007) : (i) one-direction integration with GIS as main software, (ii) onedirection integration with MCDA tool as main software, (iii) bi-directional integration, and (iv) dynamic integration. One-direction integration provides a mechanism for importing/exporting information via a single flow that originates either in the GIS or MCDA software. In the bi-directional integration approach the flow of data/information can originate and end in the GIS and MCDA modules. While bi-directional integration involves one-time flow of information, dynamic integration allows for a flexible moving of information back and forth between the GIS and MCDA modules according to the user's needs (Malczewski, 2006) . Some MCDA modules were developed in the commercial and open source GIS software, in the 90´s. Loose integration is the first usage that has been made out of GIS and MCDA capable systems. In the last decade efforts have focused on the development of more comprehensive solutions in order to couple MCDA and GIS tools in a single interface. These efforts were encouraged by the means provided for preparing, compiling and running macros or plug-ins on development platforms, which allow writing application programs with programming languages such as Visual Basic, C, C++, Python and others (Sugumaran and Degroote, 2011) . This approach enables the GIS evaluation functions to facilitate the spatial decision making with multiple criteria.
The functions include: generation of decision table, elicitation of decision-maker's preferences, selection of aggregation function, and sensitivity analysis (Jankowski, 1995) . (Malczewski, 2006) . As for the ELECTRE TRI method and their integration into GIS software, we can cite the following examples: Sobrie (2011 Sobrie ( , 2013 ) developed a plug-in to implement the ELECTRE TRI algorithm using Python programing language in QUANTUM software. This interface allows the interaction between selection of alternatives, determining the parameters for the ELECTRE TRI and visualization of the results through a generation of a decision map out of a multicriteria map, i.e. it is defined as a full integration GIS-MCDA interface (Sobrie and Pirlot, 2012) . Boggia et al. (2011) implemented a module named r.mcda.electre for MCDA in GRASS software, written in C language. Chakhar and Mousseau (2009) have developed a prototype created with the ArcGIS and the ELECTRE TRI method, using VBA. The prototype allows creating criteria maps, inferring preference parameters for ELECTRE TRI, assigning spatial unit categories, and generating decision alternatives based on a planar subdivision. Mendas and Delali (2012) incorporate the ELECTRE TRI in ArcGIS to assessing land suitability for agriculture.
The use of MCDA methods to assess the sustainability of agriculture is still scarce. Lebacq et al. (2013) review typologies of sustainability indicators that have been developed at the farm level and present a case study to help users to select a set of indicators. The application of the ELECTRE TRI method developed in this research to assess dairy farms is a novelty, further with the integration of this method with GIS.
Web-based MC-SDSS
Rapid growth of the Internet over the past decade has opened up new ways to supply data, tools, models, and other information to potential users. The Internet could become one of the most important instruments for the process of spatial decision making because of its distributed, time-independent and license free nature. It provides decision makers with the opportunity to gather information and it provides an ideal platform to increase the use and accessibility of spatial data.
Over the last fifteen years or so, a considerable research effort has been made to integrate GIS capabilities and MCDA methods in the context of the Internet (Menegolo and Peckham, 1996; Carver, 1999; Zhu and Dale, 2001; Rinner and Malczewski 2002, Sikder and Gangopadhyay, 2002; Dragićević, 2004; Hall and Leahy, 2006; Karnatak et al., 2007; Rao et al., 2007; Simão et al., 2009, Boroushaki and Malczewski, 2010) . Rinner and Malczewski (2002) suggest that most of the first generation Web GIS-MCDA applications focused on the technical aspects of GIS and MCDA integration to address the analytical structure of spatial problems (Boroushaki and Malczewski, 2010) . Table 1 . An important factor is the farms´ compliance with legal requirements whether environmental or food related, or those created for the protection of soil and water.
These requirements intend to preclude farms that, due to scarce resources and capabilities, and misuse of methods and equipment, lead to contamination of crops and waterways and production of unpleasant odors, among other problems.
Consumers and society in general have forced the introduction of new attitudes
with regard to questions of dairy production in particular, such as animal welfare and traceability, environmental impact and food safety. The costs associated with this activity are significant as the contribution to the greenhouse effect has to be mitigated through trading emissions or carbon taxes.
Multicriteria method implementation: ELECTRE TRI
To assess the Sustainability Classification of Dairy Farms, based on GIS and MCDA methods integration, we used a particular Outranking Method, ELECTRE TRI (Yu, 1992) . The outranking approach is based on pairwise comparisons between potential alternatives (also known as actions) using an outranking relation (Roy, 1996) : one alternative outranks another if the former is considered "not worse than" ("at least as good as") the latter. Outranking methods cope well with spatial decision problems since they: (i) permit to consider qualitative evaluation criteria (in addition to quantitative ones); (ii) permit to consider evaluation criteria with heterogeneous scales where the coding into one common scale is very difficult or artificial; (iii) avoid the compensation between evaluation criteria; and (iv) require fewer amount of information from the decision maker (DM) (Chakhar and Mousseau, 2009 ).
For this study, the outranking approach seemed more appropriate because, although it is less familiar to decision makers (compared to a weighted sum) and it requires more configuration parameters, it presents the following two advantages: first of all, as a multicriteria assignment method, it sorts alternatives (dairy farms) by preferenceordered categories. Indeed, in classification of dairy farms, where various environmental aspects are at stake, it is often important to use known standards (reference profiles defined in legislation) to define various categories of sustainability.
This requires capability of evaluating each farm in absolute terms, not just in comparison with other peers, as well as the need to include evaluation aspects expressed in different units, using any type of scales (including qualitative). The classification of a dairy farm does not depend on the other dairy farm being evaluated, ie, there is no need to compare the farms among themselves, it is only necessary to compare the farms to predefined categories. The second advantage is related to the fact that ELECTRE family multicriteria methods refuse the possibility of total compensation between the alternative's performances on the criteria. Thus it prevents that a farm with very good performance on some criterion compensates a very poor performance on another criterion and achieves the best category despite that major weakness.
The ELECTRE TRI method provides a complete sorting of the alternatives of the set A into two or more ordered categories , , where is the worst (less desirable) category and the best one. In order to define the categories ELECTRE TRI uses some reference alternatives (reference profiles) , , which are usually different from the alternatives in A (i.e., category boundaries can be real or hypothetical alternatives). Each reference profile is simultaneously the upper bound of category and the lower bound of category . The assignment of each alternative to a category is done by comparing its value in each criterion to the reference profiles. In this work, the set of alternatives are dairy farms and the predefined categories consist of three sustainability levels, defined by the expert: Not Sustainable (Category 1), Barely Sustainable (Category 2) and Environmentally Sustainable (Category 3).
Two assignment procedures, optimistic and pessimistic, are available to analyse the way alternative a compares to the profiles, in order to determine its category. The pessimistic procedure aims at assigning each alternative to the highest category for which that alternative outranks its lower bound in the reference profile: a belongs to C 1 if it does not outrank b 1 , it belongs to C 2 if it outranks b 1 but it does not outrank b 2 , and so on. The optimistic procedure assigns each alternative, a, to the lowest category for which the lower profile is strictly preferred to a. The result of these two assignment procedures differs when the alternative a is incomparable with at least one profile (Yu, 1992) .
The detailed algorithm and concepts of this method can be found, for instance in:
Yu (1992), Roy and Bouyssou (1993) , Mousseau and Dias (2004) , and Figueira et al. (2005 Figueira et al. ( , 2010 . This approach requires the decision makers (DMs) to set some parameters in order to build the outranking relation that evaluates the alternatives. These parameters can be divided into preference parameters (relative importance coefficients of criteria or weights, thresholds and profiles) and the technical parameter (cutting level). Taking to assign an alternative to a specific category.
In this particular case study, the expert defined the parameters involved (see Figure   5 ). This method required posing various questions to the expert to define the different preference parameters.
A Web Multicriteria Spatial Decision Support System Approach:
Implementation of ELECTRE TRI in ArcGIS
Architecture of Web MC-SDSS
The Web MC-SDSS developed has been characterized as a full and dynamic GIS-MCDA integration mode, so the general structure developed is based on Figure 1 This Web MC-SDSS works as follows: the user must register on the web-MCDA to access the algorithms server that contains different MCDA methods. After this, the user can have direct access to the resolution of a particular MCDA method by an input/output file sharing scheme using a web-based communication protocol between the interface developed and the server. Finally, using ArcGIS software (or other GIS integrated development environment) users can develop, and imbed in applications, procedures that establish automatic communications with the algorithm server, allowing to fully integrate their functionalities as if they belonged to application code.
Spatial and descriptive data, associated to environmental criteria in study, are entered in the Geographic Data Base of ArcGIS. This information is aggregated to geographic location (coordinates) of each alternative in analysis and is available in Geographic Data Base. From this moment, it is possible to store and manage the spatial data via Spatial Data Base Management System. In addition, the user has access to the set of tools, which are available in full-fledged GIS systems, the GIS Standard Functions. Typically, it includes techniques and methods for exploratory data analysis, generating criterion maps, and alternative spatial patterns (Malczewski, 2010) .
The fundamental consideration in designing this MC-SDSS is the compatibility of the data constructed between the GIS model and the MCDA modeling system. In this end, a grid based spatial construct provides a convenient data model for storing attribute data in tabular format (decision matrix) that can serve as data input for the multicriteria modeling.
Multicriteria evaluation functions include tools for preference modeling, and multicriteria decision rules for evaluating a set of alternatives and performing sensitivity analysis (Malczewski, 2010) . The MCDA tool was developed and integrated in the GIS through Macros. ArcGIS provides Macros that can be used to develop external programs/scripts as incorporated into it, using programming languages such as VBA.
The user enters the parameter values associated with a particular MCDA method, in this case ELECTRE TRI, through the User interface (Macro). This Macro includes a generation of decision tables, elicitation of decision-maker's preferences, selection of aggregation functions among the Server's MCDA Algorithms and visualization of the results in maps.
The algorithm server (Model Management System) runs discrete methods by reading an input file in format required by protocol communication. This MCDA method is applied and an output file is created, in the same format, with the results that can be presented in different ways depending on the associated method.
The interface designed in the developed MC-SDSS provides a dialogue environment between system and users. The development of the MC-SDDS is guided by the principle of "user friendliness" because dealing with spatial decision-making, with huge quantity of data and models may prove to be complex for users. For decision makers, the interface of the system is the only access point to the database and models.
The user interface needs to represent two spaces: objective space and map space.
Details of the MC-SDSS architecture and the technical aspects involved in its development are explained in detail in next section, with description of ELECTRE TRI in ArcGIS.
Macro-description of ELECTRE TRI in ArcGIS
ArcGIS is based on a common library of shared GIS software components called
ArcObjects. ArcObjects are sets of computer objects specifically designed for programming with ArcGIS Desktop applications. ArcGIS includes an integrated macro development environment, through Visual Basic for Applications (VBA) programming language that permits extending their functionality. VBA, a simplified version of visual basic (VB), is one of many object-oriented programming languages. There are three main reasons for us to develop a program in a VBA macro in the ArcGIS environment.
(1) VBA macros in ArcGIS applications can use the ArcGIS functionality to its full extent; (2) VBA macros can take advantage of global ArcGIS variables; (3) creating, testing and debugging macros in the ArcGIS Visual Basic editor are the same as in the VB development environment (Marinoni, 2004) .
The developed Macro interface, named "ELECTRE TRI in ArcGIS", is a powerful visual spatial decision-aid tool, where the user interacts with a representation very similar to typical database dialogue interfaces, indicates his/her preferences, manipulates spatial objects and modifies/changes their descriptive attributes, adds/deletes other spatial objects, appreciates the effects of any modification affecting any preference parameter, etc.
The interface is characterized by four modules. Each module of the proposed conceptual framework is interconnected and provides a group of functionally related capabilities; therefore the system must be a holistic and seamless environment.
I.
Criteria and Data Information -Problem is set, input layer is defined, criteria are specified and a spatial based table is constructed, that provides a convenient data model for visualization of the data attributed in tabular format (decision matrix). Figure 4 shows this first module.
Figure 4 goes about here
The Web MC-SDSS developed is applied on a case study of sustainability of dairy farms in the EDM Region. All dairy farms are to be sorted into three categories: Not Sustainable (Category 1), Barely Sustainable (Category 2) and Environmentally Sustainable (Category 3). In this module, the user chooses the Input Layer within the current map document of ArcGIS and chooses the criteria involved in this layer. Next, the user can visualize the values associated with each criterion (decision matrix) and define the objective for each of them. In "Objective" the user selects the sense of increasing preference on each criterion, i.e. whether it is a criterion that has to be maximized or minimized.
II.
Parameters of ELECTRE TRI -Sets the parameters of ELECTRE TRI, defining the reference profiles, thresholds (indifference, preference and veto), weights and cutting level, that are validate for macro developed. After defining the parameters, the algorithm input and output are generated based on a predefined syntax. Figure 5 shows the second module. III. ELECTRE TRI Results -the interface of an output file is created, where alternatives are assigned to one of the three predefined categories. When the user clicks on Results (Table and Map) the classification table appears displaying the results according to the pessimistic and optimistic procedures of ELECTRE TRI. These results are added to the Attribute Table in ArcGIS, where the user can visualize the map. Figure 6 shows the third module, which also displays a count table of results, for each procedure. 
Results and Discussion
The implementation of the developed interface has led to two maps according to the optimistic and pessimistic procedures of ELECTRE TRI. It is quite obvious that the two resulting maps show a difference between the two assignment procedures (optimistic and pessimistic). Indeed, the ideas that ground the two assignment procedures are different. So it is not surprising that these assignment procedures might assign some alternatives to different categories. For more details, see Mousseau et al. (1999) . In this case study, the outcome obtained by the pessimistic procedure provides a better match to the results expected by experts.
The map represented in Figure 8 relating to the distribution of the classification of farms regarding Environmental Sustainability has been obtained by using MC-SDSS ELECTRE TRI in ArcGIS, considering the pessimistic procedure. This Web MC-SDSS permits development of a Sensitivity Analysis in order to verify the robustness of the results. The main purpose in sensitivity analysis is to determine how the sorting is affected by changes in some decision maker's parameters. In this Web MC-SDSS it is possible to compare the results in the Pessimistic and Optimistic procedures before and after a change in the weights and/or cutting level (if user wants to change a larger number of parameters it is better to reformulate them in ELECTRE TRI "Parameters" module) and obtain a difference map between these procedures.
Conclusions
Spatial and multicriteria aspects of the studied problem led us to develop a spatial decision support system. This system incorporates ELECTRE TRI method into ArcGIS 9.3 of ESRI. The power of this method lies in the aggregation mode of decision-maker performances and the assignment of the potential alternatives to predefined categories.
The developed system is of special importance insofar as it integrates GIS functionalities and MCDA methods in a single framework.
This paper presents a tool that integrates GIS and MCDA. GIS was used as the core of the integrated system and the MCDA models were integrated to the GIS using the programming facilities provided by the GIS software. The developed ELECTRE TRI in ArcGIS, VBA macro integrates all the components of a fully-integrated system:
geographical data management and analysis tools, MCDA models and user interface. It is a user-friendly interface for configuration, prediction, visualization and analysis of the model outcomes in the same environment and thereby allowing an evaluation process which is uniform, transparent and demands less technical effort from decision makers. The exploitation of graphical display potentialities of this system provides the decision maker with information increasingly richer and easier to grasp. With GIS, data may be available in a format which will be easily interpreted, can be interactively displayed, is ready to digital processing and can be easily updated. The design and implementation of ELECTRE TRI in ArcGIS is an innovative conceptual framework for application of MCDA in spatial problems, with recourse to the Algorithm Server for ELECTRE TRI method application.
Considering the case study, one notes the worrying situation in which many farms in the EDM Region are found regarding their environmental sustainability. The interface allows analysing the geographical distribution of the environmental sustainability classification of dairy farms. Overall results show that MC-SDSS represents valuable decision support tools by providing a platform for the integration of information, models and methods necessary to assess the environmental sustainability of dairy farms.
This MC-SDSS can be easily adapted to other applications in many areas and other MCDA Algorithm Servers.
This approach, however, still presents the following limitations: the centralized processing system requires an internet connection at least to initialize the server and to obtain the results; and the developed integration may no longer work if there are changes in the communication protocol or if a particular method is no longer available on the server. However, this is compensated by the gains in computer performance and the avoided time costs in code programming and debugging a MCDA method that others have already developed and optimized.
In the future, this research can be extended to the application of other MCDA methods by: (i) using the communication protocol of algorithm server; (ii) inserting methods for eliciting the parameters of MCDA method chosen (Figueira and Roy, 2002; Dias et al., 2002) ; (iii) extending to other real problems to assess sustainability (or other context). This methodology can also be extended to group decision-making domain by considering a group opinion and web-collaborative service. The current last version of ArcGIS (version10) includes compatibility for VBA, but ESRI announced the end of the support for VBA in ArcGIS Desktop in future versions. In this case the VBA code developed can be migrated to .NET or re-written in Python language (the new programming language available to customize and extend ArcGIS).
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